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* To find my “roots”
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to interdisciplinary researches in Taiwan
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in Taiwan and Asia
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Nuclear Emergency Response System in East Asia (2003)

Kuo-Hsien Chang
Dept. of Atmospheric Sciences, National Central University, Taiwan
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http://www.hc-sc.gc.ca/ed-ud/respond/nuclea/index-eng.php
http://www.hc-sc.gc.ca/ed-ud/respond/nuclea/index-eng.php
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Earth at Night Astronomy Picture of the Day
More information available at: 2000 November 27
http://antwrp.gsfc.nasa.gov/apod/ap001127.html http://antwrp.gsfc.nasa.gov/apod/astropix.html
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Accounting Carbon Stock in Land Use/Land Cover

e 33% of land surface: cropland
* 37% of cropland : active agricultural practice

B A criculture <20% I Cropland/grazing [ Cropland >50% B Cropland >85% [ Grazing land >50% M Grazing land >85%

or no growing season land mosaic
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Accounting Carbon Stock in Land Use/Land Cover
e 33% of land surface: cropland
o~

63% of global land
for carbon stock

* 37% of cropland : active agricultural practice
* 30% of land surface : forest

Credit: FAO (2001)

Closed forest >40% or >5 meters high Open & fragment forest 10~40% B Woodland / Shrubland / Bushland
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Process-Based Models : DayCENT and CN-CLASS

Model Full name Sector Time-step Soil layer Functional Event
type scheduler
DayCENT * | Daily version of CENTURY | Soil & Crop Daily | | User-defined Yes
CN-CLASS ** | ¢ coupled camadan 1 A¢mosphere | Half-hourly 3 4 No
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Process-Based Models : DayCENT and CN-CLASS

Model Full name Sector Time-step Soil layer Functional Event
type scheduler
DayCENT * | Daily version of CENTURY | Soil & Crop Daily | | User-defined Yes
CN-CLASS ** | ¢ coupled camadan 1 A¢mosphere | Half-hourly 3 4 No

Parton et al. (1998); Kelly et al. (2000); Del Grosso et al. (2008)
™ Verseghy et al. (1991; 1993); Arain et al. (2002; 2006)
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Process-Based Models : DayCENT and CN-CLASS

Model Full name Sector Time-step Soil layer Functional Event
type scheduler
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Process-Based Models : DayCENT and CN-CLASS

Model Full name Sector Time-step Soil layer FUI‘::CtIOI‘Ial Event
ype scheduler
DayCENT * | Daily version of CENTURY | Soil & Crop Daily | | User-defined Yes
CN-CLASS ** Cér:j g‘::fgf: Sif]r;;dfn Atmosphere | Half-hourly 3 = No

Parton et al. (1998); Kelly et al. (2000); Del Grosso et al. (2008)
™ Verseghy et al. (1991; 1993); Arain et al. (2002; 2006)
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Why DayCENT and CN-CLASS ?
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Why DayCENT and CN-CLASS ?
®* CENTURY (core of DayCENT) is a classic soil model
* CN-CLASS is the Canadian LSM (funding source)
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Why DayCENT and CN-CLASS ?
®* CENTURY (core of DayCENT) is a classic soil model
* CN-CLASS is the Canadian LSM (funding source)

Has anyone used DayCENT and CN-CLASS at my
study site before?

Monday, August 8, 11



Introduction Results: study | Results: study 2 Results: study 3 Conclusions/Implications
OO0 OO0 00000000 000000 O0O000 OO

Why DayCENT and CN-CLASS ?
®* CENTURY (core of DayCENT) is a classic soil model
* CN-CLASS is the Canadian LSM (funding source)

Has anyone used DayCENT and CN-CLASS at my
study site before? No.
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Why DayCENT and CN-CLASS ?
®* CENTURY (core of DayCENT) is a classic soil model
* CN-CLASS is the Canadian LSM (funding source)

Has anyone used DayCENT and CN-CLASS at my
study site before? No.

My Ph.D. work is to focus on :

* Long-term carbon cycle simulation at daily & half-hourly

time-step

* Improvement of process-based model for agriculture

® Verification of respiration algorithms in CN-CLASS for
deciduous forests
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Research Questions:

* How well is the process-based models able to
simulate carbon dynamics and how is the uncertainty ?

* What is the effect of agricultural practices and forest
litterfall on carbon dynamics ?
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Carbon Flows in the Models and Field Measurement

Plant Phenology
Tillage Practices
Soil Organic Carbon
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Carbon Flows in the Models and Field Measurement
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Carbon Flows in the Models and Field Measurement

Plant Phenology NPP = GPP -R

Tillage Practices e 2

Soil Organic Carbon NEP = NPP - Rn
GPP NEP
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Measuring NPP & Crop Phenology
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Measuring Soil Respiration
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Measuring Soil Respiration

Monday, August 8, 11



Measuring Soil Respiration
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Measuring Ecosystem CO: Fluxes

r'f‘ ovariance Flux Tower




Measuring Ecosystem CO: Fluxes
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Modeling Carbon Cycles in Agriculture
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Modeling Carbon Cycles in Agriculture

Approaches:
(1) 5000-year SOC equilibrium spin-up

(2) Best Management Practice schedule & Growing Degree Day module

(3) 9-year CT & NT simulation

yF Y

Modeling Mechanism Validation
Parameterization ad 2 nd SOC Spin-up

|

Weather Forcing
Ecological History
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Simulated NEP vs. Eddy Covariance Carbon Flux
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Summary : Tillage Effect on NPP/Rh/NEP
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Long-term SOC dynamics

mmam Total SOC

000 | |
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year
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Long-term SOC dynamics

mmam Total SOC
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Tillage effect on Slow & Passive SOC Dynamics
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Tillage effect on Slow & Passive SOC Dynamics
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Modeling Crop Phenology in CN-CLASS
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Modeling Crop Phenology in CN-CLASS

Model doesn’t work !!

Monday, August 8, 11



JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, GOOHOS, doi:10.1029/2009JG001229, 2010

A model-data intercomparison of CO, exchange across North
America: Results from the North American Carbon Program site

synthesis

Christopher R. Schwalm,' Christopher A. Williams,' Kevin Schaefer,” Ryan Anderson,’

M. Altaf Arain,* Tan Baker,” Alan Barr,® T. Andrew Black,” Guangsheng Chen,®

Jing Ming Chen,” Philippe Ciais,'’ Kenneth J. Davis,'' Ankur Desai,'* Michael Dietze, "
Danilo Dragoni,'* Marc L. Fischer,'> Lawrence B. Flanagan,'® Robert Grant,'’
Lianhong Gu,'® David Hollinger,'” R. César Izaurralde,”® Chris Kucharik,*'

Peter Lafleur,”” Beverly E. Law,” Longhui Li,'® Zhengpeng Li,** Shuguang Liu,*
Erandathie Lokupitiya,” Yiqi Luo,?® Siyan Ma,”” Hank Margolis,”® Roser Matamala,*”
Harry McCaughey,”” Russell K. Monson,”' Walter C. Oechel,’* Changhui Peng,>
Benjamin Poulter,”* David T. Price,”> Dan M. Riciutto,'® William Riley,>

Alok Kumar Sahoo,’” Michael Sprintsin,” Jianfeng Sun,” Hangin Tian,®

Christina Tonitto,”® Hans Verbeeck,’” and Shashi B. Verma®

Received 23 November 2009; revised 23 July 2010; accepted 29 July 2010; _published 9 December 2010.

Monday, August 8, 11



JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, GOOHOS, doi:10.1029/2009JG001229, 2010

A model-data intercomparison of CO, exchange across North

America: Results from the North American Carbon Program site
synthesis

. 1 . oqg e 1 . .
Christopher R. Schwalm,' Christopher A. Williams,' Kevin Schaefer,” Ryan Anderson,’

M. Altaf Arain,* Tan Baker,” Alan Barr,® T. Andrew Black,” Guangsheng Chen,®

Jing Ming Chen,” Philippe Ciais,'’ Kenneth J. Davis,'' Ankur Desai,'* Michael Dietze, "
Danilo Dragoni,'* Marc L. Fischer,'> Lawrence B. Flanagan,'® Robert Grant,'’
Lianhong Gu,'® David Hollinger,'” R. César Izaurralde,”® Chris Kucharik,*'

Peter Lafleur,”” Beverly E. Law,” Longhui Li,'® Zhengpeng Li,** Shuguang Liu,*
Erandathie Lokupitiya,” Yiqi Luo,?® Siyan Ma,”” Hank Margolis,”® Roser Matamala,*”
Harry McCaughey,”” Russell K. Monson,”' Walter C. Oechel,’* Changhui Peng,>
Benjamin Poulter,”* David T. Price,”> Dan M. Riciutto,'® William Riley,>

Alok Kumar Sahoo,’” Michael Sprintsin,” Jianfeng Sun,” Hangin Tian,®

Christina Tonitto,”® Hans Verbeeck,’” and Shashi B. Verma®

Received 23 November 2009; revised 23 July 2010; accepted 29 July 2010; published 9 December 2010.

Monday, August 8, 11



Model Skill Metrics For All 21 Models —- NEP Simulation
Schwalm et al. (2010)

Biome-BGCp
Can-IBIS
CN-CLASS
DLEM
DNDC

TRIPLEX—-Flux

ENFT DBF ENFB MF WET GRA CRO

Deciduous Mixed Grass Crop
Needleleaf Evergreen Wetland

Normalized Model Skill
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Model Skill Metrics For All 21 Models —- NEP Simulation
Schwalm et al. (2010)
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Differences of Modeling between Crops and Forests

Crops differs morphologically and physiologically from forest.

* Photosynthetic efficiency
* Phenological development
* Carbon allocation

New corn roots and leaf New tree leaf
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Differences of Modeling between Crops and Forests

Crops differs morphologically and physiologically from forest.

* Phenological development
carbon exchange

e Phot thetic effici
otosynthetic efficiency # Affect the climate by modifying
e Carbon allocation

New corn roots and leaf New tree leaf
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Improving Crop Phenology in CN-CLASS

Approaches:

(1) Debugging & parameterization for water/energy balance
(2) New algorithms for agricultural simulation

(3) Model verification with DayCENT and measurements.

y N

Modeling Mechanism Compile
SlblouneEa CN-CLASS =&/ lidation

¢ t

Initial Files : Weather Forcing

Site info
Photosynthesis
C/N
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Improving Crop Phenology in CN-CLASS

Approaches:

(1) Debugging & parameterization for water/energy balance
(2) New algorithms for agricultural simulation

(3) Model verification with DayCENT and measurements.

Modeling Mechanism > Compile
Subroutine Para. 0 g Validation --
Initial Files : Weather Forcing -

Site info
Photosynthesis
C/N
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Carbon Subroutines in the Original CN-CLASS

Photosynthesis Legend
y [ 1 Pre-procedure
_ M___1 Control function
Canopy fraction 1 C/N pool
v
. ———————
Assimilate pool
(Anet)
v
Non-strucutral pool Maintenance Growth
(Cphoor) respiration respiration
Partitioning
(C,N)
Leaf allocation
Leaf Area Index | |« >  Leaf NPP ) Senescence
pool
T v A
Available C
Growth Index (Cpost)
+ Turnover
Stem NPP l
v
Nutrition & Water > Biomass | , Littering , Decomposition
Stress updates
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Carbon Subroutines in the Original CN-CLASS
Modified

Plant type » | Photosynthesis Legend
7 [ 1 Pre-procedure
_ M1 Control function
Canopy fraction 1 C/N pool
i 1 Modified code
GDD ASSimiIate pOOI N ————————————————
(Anet)
v
Non-strucutral pool Maintenance Growth
(Cpoo) respiration respiration
v v
Phenology »| | Partitioning | | _ :
stage (C,N) Agricultural schedule
Root NPP
v
Leaf allocation
Leaf Area Index | |<— —»( Leaf NPP (Foo) Senescence
poo
r : :
Available C
—> Growth Index (Cpost)
v Turnover
Stem NPP l
v
Nutrition & Water »| Biomass Littering || | Decomposition
Stress updates
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Modeling Diagnosis and Modification
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The comparison suggested that:
* Our modification improves cropland simulation using CN-CLASS
* Crop phenology needs to be taken account for carbon assimilation
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Improving Respiration Algorithms for Forests

Approaches:

(1) Parameterization and validation for deciduous forests

(2) Improving respiration algorithms based on chamber experiment

(3) Examining phenology and component respiration
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Weather Forcing
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Soil CO; Chamber Experiment in Forests

Fixed soil CO; chamber

Chang (201 1) in review



Soil CO2, Chamber Experiment in Forests

Fixed soil CO; chamber

« What is the CO- contribution from litterfall ?

 How much litterfall has been decomposed
and transformed ?

Chang (201 1) in review



Introduction Objective/Methodology Results: study | Results: study 2 Conclusions/Implications
OO0 OO0 OO0000000 000000 00000 OO

Seasonal Dynamics of Surface Litter

1240

12201

1200

)

—2

C
—h
—h
o
S

Surface litter (g

an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month (2009)

Monday, August 8, 11

108



Introduction Objective/Methodology Results: study | Results: study 2 Conclusions/Implications
OO0 OO0 OO0000000 000000 00000 OO

Seasonal Dynamics of Surface Litter

1240

1220

1200

N

Al

C
—h
—h
o
S

Surface litter (g

Non-growing season ~ Non-growing season

an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month (2009)

Monday, August 8, 11

108



Introduction Objective/Methodology Results: study | Results: study 2 Conclusions/Implications
OO0000000 000000 00000 OO

OO0 OO0

Surface Litter Partitioning
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Conclusions

* First modeling study to quantify long-term carbon dynamics for

my study sites at daily and half-hourly time-step

- DayCENT is capable of simulating daily NEP under active agricultural
management practices.

- Conventional tillage enhances Ry by 60 to 90 g C m™2 yr~!.
- No-till increases carbon sequestration at a rate of 10.7 gC m™2 yr™!.

* [mproving Canadian Land Surface Model for agriculture

- An agricultural schedule and a crop phenology scheme in CN-CLASS
simulate a reasonable crop growth patten and carbon allocation.
- Our modification improves the accuracy of NEP simulation by 53%.

* Quantifying and gap-filling the annual soil respiration for Borden

deciduous forests
- Soil CO; respiration is estimated at 782 g C m~2 yr™ /.
= Soil organic carbon : 60%; Litterfall/root respiration : 40%.
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Implications
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Implications

|. Simulating biogenic GHGs distribution using the
GEOS-Chem transport model.
2. Remote sensing data assimilation for LSM.
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Implications

|. Simulating biogenic GHGs distribution using the SRENZIENINEINE-LETEREETE PRSI Edlely
GEOS-Chem transport model. System
2. Remote sensing data assimilation for LSM. (EC-CAS)
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Implications

|. Simulating biogenic GHGs distribution using the SR=\ZIE S NE-LET EROETE I RS T Eldlely
GEOS-Chem transport model. System

2. Remote sensing data assimilation for LSM. (EC-CAS)

3. Analysing stable isotopes in upwind/downwind
regions using the Bayesian mixing models.

4. Developing stable isotope-enabled STILT long-
range transport model.
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Implications

|. Simulating biogenic GHGs distribution using the Sl INZIEe IR @ FT - R @1y Tol WaXN [T EXd el
GEOS-Chem transport model. System

2. Remote sensing data assimilation for LSM. (EC-CAS)

3. Analysing stable isotopes in upwind/downwind Intercontinental Atmospheric Transport of
regions using the Bayesian mixing models.

Anthropogenic Pollutants to the Arctic
4. Developing stable isotope-enabled STILT long- (IATAPA)

range transport model.
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Implications

|. Simulating biogenic GHGs distribution using the SR=\ZIE S NE-LET EROETE I RS T Eldlely
GEOS-Chem transport model. System
2. Remote sensing data assimilation for LSM. (EC-CAS)

3. Analysing stable isotopes in upwind/downwind Intercontinental Atmospheric Transport of

regions using the Bayesian mixing models. Anthropogenic Pollutants to the Arctic
4. Developing stable isotope-enabled STILT long- (IATAPA)

range transport model.

5. Developing a script-driven modeling procedure
to stream polygon database and DayCENT.

6. Verifying the modeling procedure in a pilot study
site using an “incompatible” dataset.
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Implications

|. Simulating biogenic GHGs distribution using the SRS \ZIE IS I HE-LET R OETE I WENS T Eldlely
GEOS-Chem transport model. System
2. Remote sensing data assimilation for LSM. (EC-CAS)

3. Analysing stable isotopes in upwind/downwind Intercontinental Atmospheric Transport of

regions using the Bayesian mixing models. Anthropogenic Pollutants to the Arctic
4. Developing stable isotope-enabled STILT long- (IATAPA)

range transport model.

e DLETE (e]o] g P Rlelg o1l AT W CTe ST TR T VG, A AFC National Carbon and Greenhouse Gas

to stream polygon database and DayCENT. Accounting and Verification System
6. Verifying the modeling procedure in a pilot study (AAFC-NCGAVS)

site using an “incompatible” dataset.
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What is NCGAVS ?

- National Carbon and Greenhouse Gas
Accounting and Verification System

- National quantification of agricultural
emissions of :
1. Land carbon (C) stock change

- from land use, land-use change, and forestry

2. Nitrous oxide (N20) emissions
- Ffrom nitrogen applied to land in fertilizer,
manure, and legumes

3. Methane (CH4) emissions
- ¥from livestock and manure storage
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Tier 2 Empirical approach

AC :

AC = ¥ X A

change in soil C stock

F : emission factor = ACmax x €K
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- Designing a modeling procedures to bridge
the Soil Landscape of Canada (SLC)
polygons and land surface models

- How to quantify C & GHGs using the
“imperfect” polygons and census datasets

“imperfect” polygons Gap-filled polygons
q missing data
Corn 1. Kriging
B soybean L] 2. Combination

[l Winter wheat
Hay
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Process-Based Models :
DayCENT
DNDC
CN-CLASS

LP]

Weath CASA
ea. il SiB SOC spinup

)

Model outputs » SLC Po|ygons | — Kriging » Model inputS * M;I::(g::l:;int

A
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Model outputs

Process-Based Models :

Soil Texture

DayCENT
DNDC
CN-CLASS
LP)
Weather CASA
: SiB
\4
SLC Polygons |mm=s  Kriging » Model inputs
A
Site info.
Cropping system
Year 1 Year 2 Year 3 Year 4 etc etc
Crop Crop Crop Crop
+ Manure Manure Manure Manure
Fertilizer Fertilizer Fertilizer Fertilizer
Tillage Tillage Tillage Tillage
etc etc etc etc

SOC spinup |-------

Management
Practices

Scenario
simulations

Scenario
combinations
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Model outputs

Process-Based Models :

Soil Texture
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